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Errata 

1 

Publication IV, Figure 11, is missing the SFN reuse pattern size information for K=1 to K=9. 
The information is shown correctly in Publication X, Figure 32. 

 

2 

There is a wrong measured MPE-FEC 1/2 gain value presented in Publication II, Table II for the 
case of 16-QAM, FFT 4K, CR 2/3. The value should be 3.2 instead of 3.7. There is no impact of 
this inaccuracy in the respective analysis carried out in the Publication as the measured values 
have relatively large variations in any case. 

 

3 

An error was found from the simulator code after the related publications had been presented 
(Publication III, IV, VII and X). The error was in the Okumura-Hata formula of the medium and 
small city type as shown in bold letter in the Pascal code Function lu2 below. 

 

 
(* ----------Okumura-Hata propagation prediction, medium and small city---*) 
 
Function lu2(fhb, fhm, ff, fd : real) : real; 
     var oha, ohb, ohc, ohd, ohe : real; 
 
     begin 
     oha:=69.55; 
     ohb:=26.16*log(ff); 
     ohc:=13.82*log(fhb); 
     ohd:=(1.1*log(ff)-0.7)*fhm-(1.56*log(ff-0.8)); 
     ohe:=(44.9-6.55*log(fhb))*log(fd); 
     lu2:=oha+ohb-ohc-ohd+ohe; 
     end; (* lu2 *) 
 

 

The correct form of the term ohd should be the following, as presented in [Hat80]: 

 
     ohd:=(1.1*log(ff)-0.7)*fhm-(1.56*log(ff)-0.8); 
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An analysis shows that the direct effect of the faulty formula is 0.799 dB for the L, when 700 
MHz frequency is used in small and medium city area. 

A snapshot investigation was made in order to evaluate the effect of the wrong formula. Five 
consecutive simulations were carried out with the erroneous formula, and other five simulations 
with the corrected version. The parameter values were selected in such a way that they are close 
to the previous simulation assumptions. An area of 100 km × 100 km was created with base sta-
tion antenna height of 100 m, MS height of 1.5 m, MS antenna gain of �7 dBi, frequency of 700 
MHz, standard deviation of 5.5 dB and TX power of +70 dBm. Rayleigh fading was not se-
lected but large-scale fading was on. The area location probability was 90% in a small and me-
dium city type with bandwidth of 8 MHz, modulation of QPSK, code rate of 1/2, MPE-FEC rate 
of 2/3, guard interval of 1/4 and FFT mode of 8K. The cumulative C/I distribution was investi-
gated in such a way that the five simulation results were averaged per C/I (dB) value for the cor-
rect version and for the erroneous version. By observing the mapping between the probability 
level and C/I, the following correction Tables can be formed to present the most important val-
ues. 

Table E-1. The C/I as a function of the probability scale.  
Probability C/I, correct C/I, faulty C/I, difference, correct 

as reference 

5% 9.5 dB 9.9 dB +0.4 dB 
10% 13.5 dB 14.7 dB +1.2 dB 
50% 22.7 dB 23.3 dB +0.6 dB 

 

Table E-2. The C/I as a function of the probability scale. 
C/I Probability, correct Probability, faulty Probability, 

difference, correct as 
reference 

8.5 4.3 % 4.1 % –0.2 % units 
14.5 12.0 % 9.7 % –2.3 % units 
18.5 25.5 % 21.6 % –3.9 % units 

 

As can be noted, the investigated probability per C/I value, i.e. the minimum limit for certain 
C/I, has been slightly optimistic. This does not have major impact on the previously presented 
results, though. Publication IV takes into account the balance of the SFN gain due to the over-
lapping areas as well as for the loss of the gain due to the SFN interference. Slight difference in 
the mapping of absolute C/I values to the probability figures affects in both ways, so the relative 
balance of the gain and interference can be assumed to be practically unchanged. The impact of 
the error is not significant on the results of the Publication III either. 
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4 

The fast (Rayleigh) fading is present in those environments where multi-path radio signals oc-
cur, e.g. on the street level of cities. The Rayleigh fading modelling was not complete in Publi-
cation VII. It was aimed to be presented with the following PDF: 
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Figure 6-1 shows the PDF and CDF of the fast fading representing the variations of short-term 
loss when the standard deviation is set to 5.5 dB. Fast fading was used only in Publication VII 
together with long-term fading as the environment was a large but dense urban city. It should be 
noted that in the simulations carried out in this thesis, the frequency selectivity of the wide band 
OFDM signal was not taken into account. In the more in-depth analysis, the fast fading would 
result different C/N values for different subcarriers within a single OFDM bandwidth, although 
according to [Dvb09] the Rayleigh fading can be assumed to be eliminated via FEC and inter-
leaving functionalities in any case. 

PDF and CDF of log-normal distribution, 
stdev=5.5
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Figure 6-1. PDF and CDF of the Rayleigh distribution. 
 

Nevertheless, the contribution of Publication VII is to present the functionality of the overall 
SFN interference simulation method, and the inclusion of the Rayleigh fading model was aimed 
to merely adjust the radio propagation channel to be more suitable for the dense urban environ-
ment. Based on the practical experiences of the field tests [Tal10], the modelling could contain 
only long-term fading also in the urban environment. 

The Rayleigh fading module was thus removed from the simulator. An additional simulation 
shows that the geographical distribution of the interferences remains practically the same as pre-
sented in Publication VII when only long-term fading model with 5.5 dB standard deviation 
value was included, and the overall C/I level rises as can be expected. 
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5 

An error was found in the power sum formula of the simulator. The original version suggested 
that the multi-propagated components of the DVB-H radio signal was possible to estimate in 
SFN by summing the components in squared form, i.e., by presenting the useful received signal 
as shown in Publication III, Formula (1). Equally, in order to estimate the C/(N+I) level, the 
original simulator was based on the assumption that the total received interfering power would 
be calculated in a squared form as shown in Publication III, Formula (2). 

Nevertheless, the squared form is utilized in the summing of individual amplitudes of the signal, 
not for the power levels. The useful carrier signals between the multi-propagated components, 
as well as the interfering signals between each individual interferer, can be assumed to be non-
coherent. A direct power summing should be applied for the received power calculation as indi-
cated in [Ebu05]. This means that the useful total received power (W) is: 
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Equally, the total received power (W) of the interfering components is: 

�
=

=
n

i
I

tot
I

i
PP

1

 (6-2) 

When comparing the squared and direct form, it can be seen that the error for the estimate of the 
received power level is highest when two or more signal components are received at the same 
level. As an example, a practical worst case can be assumed to occur in the overlapping area of 
three sites where the signal level is the same. Assuming the received power level is �90 dBm 
for a parameter set of {QPSK, CR=1/2, MPE-FEC=1/2, GI=1/4} in such a location, the received 
total power of these three signals would result in the total power values by applying the squared 
and direct power summing as presented in Table 6-1. The received power level in dBm is con-
verted to absolute powers (W) for the summing, and the result is converted back to dBm form 
by applying the formula PRX[dBm]=10log10(PRX[W]/1mW). 

Table 6-1. Comparison of the squared and direct power summing. 
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C  
Squared form 
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C  

Direct form 

Error (direct 
form – squared 

form) 

�90 �90 �90 �87.6 �85.2 2.4 
�90 �85 �80 �79.8 �78.5 1.3 
�90 �80 �70 �70.0 �69.5 0.4 
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In order to estimate the effect of the error in the simulations presented in the publications of this 
thesis, comparative simulations were carried out. 

First comparative simulation was carried out for the analysis presented in Publication VII, i.e., 
the effect of the SFN parameter values for the useful coverage area in a large urban area. A pa-
rameter set was selected in such a way that both useful and interfering signals were present 
about equally, i.e., {16-QAM, CR=2/3, MPE-FEC=2/3, GI=1/8, FFT=4K}. Otherwise all the 
other settings, including the site locations and antenna heights, were the same as presented in 
Publication VII. Figure 6-2 summarizes the PDF analysis, and Figure 6-3 presents the CDF 
analysis of the C(N+I) distribution. 
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Figure 6-2. The PDF of the comparative analysis of the power summing in squared and direct manner. 
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Figure 6-3. The CDF of the power summing analysis. 
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As Figure 6-2 and Figure 6-3 show, the final effect of the power summing in a squared and di-
rect way produces very similar results in this specific case. The selected parameter set means 
that the minimum C/(N+I) should be at 17.5 dB. According to the simulations, the squared 
summing results in an area coverage probability of 60.0 % whereas the direct summing results 
in 60.8 %. The difference is 0.8 %-units which can be noted as insignificant in this analysis.  

The most important reason for the small difference between the power levels summing in this 
very case is that the received useful and interfering signals compensated largely each others. 
This case also represents the most practical manner to carry out the analysis as the investigated 
area is not limited to the expected site cell coverage areas. Due to the relatively high proportion 
of the coverage outages in the area (45 km × 45 km) with only 7 sites, this analysis gives thus 
the most optimistic value (lower limit) to the power summing error. It can be concluded that the 
error does not affect on the examples of Publication VII. 

As a second part of the power summing error analysis, the simulation was carried out as pre-
sented in Publication IV for a selected set of the most relevant parameters. The upper limit for 
the power summing error can be found via the non-interfering cases when no compensation of 
the SFN interferences can be achieved. The worst case scenario for the error margin was thus 
selected by utilizing the most robust parameters for QPSK and 16-QAM. The SFN reuse pattern 
size was varied between 1 and 21. The other parameters were {CR=1/2, MPE-FEC=1/2, GI= 
1/4, FFT=8K}. 

Figure 6-4 summarises the comparative simulations. The results indicate that the SFN gain, as 
well as the absolute error value for the SFN gain estimate grows up to the SFN reuse pattern 
size of 19. After that, the gain saturates to approximately 6.0 dB for QPSK and 6.3 dB for 16-
QAM when the correct version of the direct power summing is applied. The original, not correct 
squared power summing method produces the saturated SFN gain at 4.2 dB for both QPSK and 
16-QAM. This means that the upper limit for the occurred error of the SFN gain estimate is ap-
proximately 2 dB. For the cases with 4 sites, i.e., when the SFN size is K=4, the SFN gain esti-
mate error is 1.1 dB and 1.3 dB for QPSK and 16-QAM, respectively. 

The correct values of the SFN gain are presented in all related analysis of the summary of this 
thesis. Furthermore, the simulation of the effect of the SFN interference in a large DVB-H net-
work (Publication III), where SFN limits are exceeded, was carried out for {QPSK, CR=1/2, 
MPE-FEC=1/2, GI=1/4} by varying the FFT size between 2K, 4K and 8K. The correct simula-
tion result is shown in Figure 5-1.  

The outcome of Publication III is the estimate of the antenna height that provides a useful DVB-
H coverage in a large, over-dimensioned SFN which contains interferences. Publication III con-
cluded that the {QPSK, FFT=8K, GI=1/4} and {16-QAM, FFT=8K, GI=1/4} modes can be 
utilized with all the antenna heights of 20...200 m when 10 % outage criterion is applied. The 
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correct power summing gave the same outcome for this, although the curves are different. Pub-
lication III also concluded that for the {QPSK, FFT=4K, GI=1/4} the maximum useful antenna 
height was noted to be 35 m, and for the {16-QAM, FFT=4K, GI=1/4} the value was 30 m. 
Based on the new simulations, these values are about 60 m and 45 m, respectively, as Figure 5-1 
indicates. 
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Figure 6-4. Comparative simulation results for the SFN gain in the non-interfered environment by applying 
squared and direct power summing. 
 

The formulas of Publications that are wrongly presented are: 

Publication Formula Error level and actions 

1 Wrong carrier power sum. The correct formula is shown in (6-1) III 
2 Wrong interference signal sum. The correct formula is shown in (6-2) 

IX 5 Wrong carrier power sum. The correct formula is shown in (6-1) 
 6 Wrong carrier power sum. The correct formula is shown in (6-1) 
 7 Wrong interference signal sum. The correct formula is shown in (6-2) 

 

The figures of Publications III, IV, VII and X that are affected are listed in the following table. 



 140

Publication Figures Corrections 

III 12–16 The C/I level of figures 12–15 is shown in a pessimistic way due to the 
squared power summing. Figure 16 of Publication III summarizes these 
by showing the outage as a function of the antenna height. These simu-
lations were repeated completely, and the correct version of Figure 16 is 
presented in Figure 5-1 of the optimisation chapter. 

IV 5–11 Examples of the simulation functionality. These figures are not utilized 
in the analysis and correction is thus not needed. 

 12–13 Simulation results for the SFN gain of QPSK and 16-QAM. These 
simulations were repeated by utilizing the correct power summing. The 
correct results are shown in Figure 5-2 and Figure 5-3. 

VII 2–20 Visual presentation of the interference distribution for different cases. 
The error analysis presented above shows that the wrong power sum 
method did not affect on these figures because the amount of the sites 
was low (7), and the investigated area contained a large outage portion. 

X 11, 14–18, 
26–32 

Examples with minor impacts, not utilized in the analysis. 

 33–34 Simulation results for the SFN gain of QPSK and 16-QAM as presented 
in Publication IV. These simulations were repeated by utilizing the cor-
rect power summing. The correct results are shown in Figure 5-2 and 
Figure 5-3. 

 41–46 Case examples with a minor impact to the absolute values. The power 
sum method did not affect in this analysis as it is based on Publication 
VII. In addition, the comparison is done only in a relative manner. 

  

 

 




